Objectives: This article demonstrates the virtual hysterosalpingography using computed tomography method used to perform the evaluation of tubal patency and uterine morphological alterations, which was carried out for the first time in Brazil, and our experience in this area. The techniques advantages, benefits and disadvantages compared to the traditional method are illustrated in this manuscript. Methods: 185 patients were submitted to virtual hysterosalpingography using computed tomography by a physicians indication and the results of these tests were compiled and described. Results: The advantages of virtual hysterosalpingography over X-ray hysterosalpingography are: (a) the variety of technological features offered by multi-detector tomography, (b) the injection pump and the workstations with software that allow post-processing of high-fidelity clinical images, and (c) not pinching the uterine cervix. Conclusions: Virtual hysterosalpingography is a viable alternative for the evaluation of tubal and uterine infertility factors.
Introduction
Hysterosalpingography (HSG) is the most widely used method for assessing tubal patency and is often the first examination to be performed for a woman when the couple has infertility issues. 1 In 2007, Carrascosa et al. 2 proposed performing virtual hysterosalpingography (V-HSG), which is an evaluation of the cavity and uterine tubes using tomography. This alternative method was developed from substantial improvements in hardware and software technology of radiological apparatuses which occurred in the last decade. In particular, the advent of the voxel made it possible to study smaller structures in a more efficient way, allowing reprocessed images of high clinical fidelity. 3 The method consists of an extrapolation from the traditional method using X-rays to evaluate the morphology of the uterine cavity and tubal patency. 3, 4 The main advantage of this method is a significant reduction of pain, discomfort and vasovagal reactions experienced by patients, as it does not require pinching of the cervix and the injection of the contrast medium occurs under low pressure. 1, 4, 5 The clinical indications and contraindications of the examination are equally extrapolations of the hysterosalpingography performed by X-rays. 2 The technique of virtual hysterosalpingography was adapted to available technologies and materials, allowing efficient examination to be performed using low powered devices. Thus, this manuscript aims to describe the technique of adapted hysterosalpingography and its first experiments in Brazil, with 185 examinations already performed.
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Methods
This is a case report study. We describe the technique used in the virtual hysterosalpingography exam in a private hospital in the northwest of the state of Rio Grande do Sul, Brazil. The sample consisted of 185 women who sought examination due to a physician's indication. These women accepted to participate in this research on conjugal infertility which was carried out from May 2015 to April 2017.
The patients were submitted to a directed anamnesis before the examination to identify possible risk factors for infertility, tubal obstruction and uterine morphostructural changes. In addition, after the examination, the patients filled out a questionnaire about their symptoms. The hysterosalpingography images were interpreted by two radiologists. All the patients who agreed to the examination signed a free and informed consent form and the study was approved by the ethics committee of the hospital and by the Research Ethics Committee of the University (CAAE number: 60799116.8.0000.5350).
Results
This manuscript describes the adapted virtual hysterosalpingography technique from the moment that the patient schedules her examination, as can be seen below.
When scheduling the exam, which should be performed between the 7th and 10th days of the menstrual cycle, patients are required to take a beta human chorionic gonadotropin (BhCG) serum test 48 hours prior to the virtual hysterosalpingography examination. In addition, it is requested that the patients bring a previous transvaginal ultrasound examination for comparative evaluation of uterine morphology and volume.
In the hospital, prior to the examination, a standard hospital questionnaire is applied to identify possible risk factors for allergies. This procedure is routine for all patients undergoing computed tomography, since iodine-based disinfectant is used topically in these patients and non-ionic iodinated contrast medium is instilled in the uterine cavity. To reduce the discomfort of the patients, one ampoule of scopolamine (Buscopan®) is administered intravenously.
The exam is performed in a quiet, cozy room, and with the minimum number of support professionals possible.
Patients are informed about all stages of the examination, including and especially about the possibility of discomfort during the injection of the contrast medium. These measures are taken to minimize apprehension of the patient, a factor that may influence the sensation of pain. 6 For the examination, the patient is placed in the supine lithotomy position on the tomography table and the perineum is prepared with topical 10% Povidone-iodine solution (PVPI) and sterile gauzes. Afterwards, vaginal dilation is performed with a plastic speculum of adequate size for the vaginal morphology of the patient. This allows access to the cervix, and then the vaginal and cervical cavity are disinfected with PVPI and sterile gauzes. Then, the 7 French hysterosalpingography balloon catheter is positioned in the proximal portion of the external cervical canal and the balloon is inflated.
The examinations were performed on an apneic patient using an Aquilion 32 slice computed tomography apparatus (Toshiba, Otawara, Japan) and post-processed on AWServer 4.1 workstation (General Electric Healthcare, Milwaukee, USA). The tomographic slices were obtained during the injection of the contrast medium. The slices were 0.5 mm thick in the caudocranial direction, beginning 3 seconds before the end of the injection. The contrast medium was diluted to 10% and injection was performed using an injection pump at a rate of 0.30 ml/s. Image acquisition was stopped manually by the physician when the contrast medium was no longer seen in pelvic structures, in order to reduce the radiation dose received by these patients to the maximum extent.
The axial tomographic slices obtained were post-processed, performing multiplanar reconstruction (MPR) in sagittal and coronal planes, curved planes, maximum intensity projection (MIP), 3D volume rendering and virtual navigation video.
Discussion
There are significant advantages of virtual hysterosalpingography over hysterosalpingography performed by X-rays (Chart 1). These advantages are due to (a) the variety of technological features offered by multi-detector tomography; (b) the injection pump and the workstations with software that allow post-processing of high-fidelity clinical images; and (c) not pinching the uterine cervix.
By eliminating pinching of the uterine cervix, by the injection of contrast medium under low pressure and consequently lower uterine distension, virtual hysterosalpingography by tomography is a safe and comfortable option for evaluation of uterine morphology, tubal alterations and patency (Figure 1) , with less discomfort and fewer cases of complications than the traditional exam.
2,3,5 Furthermore, V-HSG demands less execution time and requires less radiation dose than the traditional method. 7 The main advantage is the reduction of discomfort and pain perceived by the patients. 3, 5 There were no vasovagal reactions in our sample, which are the most common complications in HSG. 8 In studies with larger samples comparing 3/6 Infertility Virtual hysterosalpingography using computed tomography, the first experiments in Brazil the two techniques (V-HSG x HSG) a significantly lower number of vasovagal reactions were found in patients undergoing V-HSG. 3, 9 Furthermore, as an additional benefit of not requiring pinching of the uterine cervix, there is a lower risk of complications such as bleeding and infection. 1, 2, 10 Diluted contrast media allow well-delimited images without artifacts that impair image analysis and are less irritating to the peritoneum than pure contrast media. 2, 8 As with HSG, gadolinium may be used as an alternative contrast medium in patients with a known history of iodine allergy, 3, 11, 12 with the only disadvantage being an increased cost of the procedure. 
4/6
Another recurring issue consists in quantifying the dose of radiation emitted since the focus of the examination covers the gonads of young patients who may wish to become pregnant. There is a lower incidence of radiation with V-HSG than HSG, an aspect already widely demonstrated in the literature. 3, 12, 13 Adding to this fact is the manual interruption of the acquisition of images when there is no longer any contrast in the field of view, which helps avoid unnecessary emission of radiation, following the principle ALARA (as low as reasonably achievable).
Highlighted among the advantages of V-HSG, when uterine cavity changes occur, the reconstruction and virtual navigation resources facilitate the assistant's understanding and the planning for the surgical approach. 14, 15 There is a greater ability to differentiate between the bicornuate uterus and the arcuate uterus (Figure 2) , since V-HSG has the ability to show the uterine wall and its relationship with the endometrial cavity. 3, 10, 16 This definition is extremely important because the therapeutic approach of these patients differ significantly. 16 Chart 1 presents a comparison of the advantages and disadvantages of V-HSG over HSG, as described above.
In our technique there were adaptations, the first makes the method easier to execute, and the second allows the use of lower power apparatus ( Table 1 ).
The use of the balloon catheter was an adaptation performed because extreme difficulties in performing the test with non-balloon catheters were perceived. Additionally, the deformity of the proximal portion of the uterine cervix generated by the balloon was judged to not be decisive in the main outcome of the examination.
The second alteration performed by our team, which was considered fundamental for the success of the technique, was the acquisition of images during the injection of the contrast medium, and not after the injection, as originally proposed. 3 This adaptation was performed because it was understood that by keeping the contrast flow active, even at low velocity, less false filling defects would be obtained in the uterine tubes, even with a lower power apparatus. 17, 18 Additionally, since the contrast medium was being injected at low speed, there were no flow artifacts. 17, 19 
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Conclusion
Traditional hysterosalpingography responds satisfactorily to issues related to tubal abnormalities and patency associated with female infertility, however, habitual discomfort and frequent vasovagal reactions make this examination quite feared by patients. Virtual hysterosalpingography, the method described in the present experiment report, is a viable alternative for the assessment of tubal and uterine infertility factors. 
